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Abstract 
Aerosols play an important role in the global climate, the radiative forcing of the climate, and the Earth's 
radiative balance.  The aerosols were measured at the Observatory of Atmospheric Research, in Phimai, Thailand 
where is a member of SKYNET, during 2006-2008. The amount aerosols were much higher in the dry seasons 
than in the wet seasons due to monsoon.  The aerosols were collected during 2007-2008 and the records of fine 
particles  found that ammonium sulfate, and elementary and organic carbons were major components especially 
in dry season.  Aerosol optical depth by sky radiometer was about 0.90 in wet seasons, and much higher than in 
the dry seasons. In dry season were many fires activity due to the biomass burning from agricultural harvest 
almost all over Thailand. These results clearly indicate that the aerosols emitted from biomass burning could 
affect on atmospheric. 
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1. Introduction 
Aerosols influence both direct and indirect the radiation 
balance.  Direct scattering and absorbing interaction 
between atmospheric aerosols and incoming solar radiation 
may influence the radiative forcing.  The aerosol scattering 
and absorption depend on their chemical physical properties.  
The important of aerosol types such as black carbon from 
agriculture or human activities are key of climate changing.  
Chemical and optical properties of atmospheric aerosols in a 
regional scale are expected to be much differences because 
there are many different sources of aerosols in natural and 
anthropogenic area. The purpose of this study focus on the 
results from the aerosol measurements at Phimai 
(15.18oN ,102.56oE), Thailand, in Southeast Asia where 
affected by the aerosols emitted by biomass burning of crop 
residues in regional scale. 
 
2. Methods 
Atmospheric aerosols were observed at the Observatory 
for Atmospheric Research in Phimai which is SKYNET 
station in Southeast Asia.  This station is located in 
northeastern Thailand surrounding with agricultural 
activities.  The location is located on Korat platau where 
the main component of rock is called rock salt.  The optical 
properties were measured by Skyradiometer (POM-02).  
The instrument was manufactured by PREDE.  The optical 
properties data were screened cloud-affected analysis by 
Khatri and Takamura (2009).  Some uncertainties will be 
introduced.  Columnar aerosol optical depths (AODs) were 
estimated and to determine the Ångström exponent, a basic 
measure related to the aerosol size distribution will be 
investigated.  In general, the Ångström exponent ranges from 
0.0 to 2.0, with smaller Ångström exponents corresponding to 
larger aerosol particle sizes [Dubovik et al., 2002; Kim et al., 
2004].  During June 2006 through August 2008, the 
chemical properties were measured. The samples were 
collected twice a day within three days continuously every 
two weeks by using multi-nozzle cascade impact (MCI) 
samplers on the filter of 47 mm in diameter (d).  The sizes 
of aerosols were collected as d < 1.0µm, 1.0µm < d < 2.5 
µm, 2.5µm < d < 10 µm, and 10 µm < d in respectively. In 
this paper will be focus only on PM2.5.  Chemical analysis 
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was made for OC and EC by optical thermal OC/EC 
analyzer. 
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3. Results and Discussion 
To reduce uncertainties in the quantitative assessment of 
aerosol effects on regional climate and environmental 
changes, extensive measurements of aerosol optical 
properties were made with skyradiometer at Phimai 
observatory for atmospheric research at Phimai were used 
during 2006-2009. 
The variations of atmospheric aerosol is large difference 
in concentration.  The daily average of aerosol optical 
depth (AOD) were between 0.2-0.7 in winter (dry season) 
and the AOD increasing at the end of dry season in summer 
cause of wind direction changed.  The AOD were higher 
than 0.5 up to 1.4 in summer.  Meanwhile the AOD is 
lower than 0.5 during rainy season of 2006, but the value is 
higher and increase nearly to 1.0 in 2007 and 2008.  Figure 
1 shows the time series of daily mean AOD at 500 nm . At 
Phimai, a range of AOD, implying different types of aerosols.  
There were an increasing in small aerosol particles from winter 
to summer due to regional biomass burning.  In the summer 
seasons, large sea salt aerosol particles seems to be dominated. 
This suggests that more than one type of aerosol are mixed in 
the climatic effects. 
 The increasing AOD in summer may cause of biomass 
burning activities.  The Ångström exponent during wet 
season was clear that the value is larger than 1.3.  On the 
other hand during dry period, the value of Ångström 
exponents were variety from near zero up to 2.0.  The 
Ångström exponent is often used as a qualitative indicator of 
aerosol particle size (Angstorm, 1929), with values greater 
than 2 indicating small particles associated with combustion 
by products, and values less than 1 indicating large particles 
like sea salt and dust. Values of Ångström exponent 1 
indicate size distributions dominated by coarse mode aerosols  
(radii  0.5 mm) that are typically associated with dust and sea  
salt,  and  values  of  Ångström  exponent  2 indicate  size  
distributions dominated by fine mode aerosols (radii  0.5 mm)  
that are usually associated with urban pollution and biomass 
burning [Eck et al., 1999; Westphal and Toon, 1991]. 
Therefore the size distribution in this area were mixed 
between coarse and fine particle during dry season 
especially in summertime as show in figure 2 which is the 
daily average of AOD and Ångström exponent.  The graph 
shows that the fine parcels caused of increasing AOD. 
 
 
 
Figure 1. Time series of daily mean aerosol optical depth and 
Ångström exponent at 500 nm during 2006-2008. 
 
Figure 2. Time series of daily mean single scattering albedo 
500 nm during 2006-2008. 
 
The single scattering albedo (SSA: ) is the important 
optical characteristic of absorbing properties of aerosol 
particles, which determines the ratio between scattering and 
absorption in the total extinction: = / (+ ) where is 
the scattering coefficient, and is the absorption coefficient. 
In figure 2. shows the time series of daily mean SSA at 500 
nm. are not much different.  SSA is between 0.9-1.0 except 
some value in rainy season, the SSA decreased to 0.7-0.8.  
It means that most of particles scattered the radiation.  For 
the decreasing values of SSA may cause from the difference 
type of aerosol came to the area.  For example in 2006 the 
difference particles appeared during the end of wet season 
(figure 2).  SSA is about 0.7.  It seems to be that the single 
scattering albedo is slightly difference in wet season as the 
increasing humidity in the atmosphere. 
By using the backward trajectory model to track the air 
masses arrived at Phimai as shows in figure 3. (HYSPLIT 
Trajectory: http://www.arl.noaa.gov/ready/hysplit4.html).  
The movement majority route of the aerosol came from the 
different ocean in both monsoon seasons.  Even though the 
wind blew from the difference direction. Except the SSA 
values were sometimes decreased, it might regard to the 
activity that happen locality.  For example as shown in 
figure 2, at the end of wet season in 2006, SSA decreased 
significantly.  An alternative reason is the variation of 
southwest monsoon.  In Phimai, there are substantially more 
biomass burning and adding more absorbing soot and organic 
aerosols to the atmospheres. 
AOT(550nm) Ang. Exp.
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Figure 3. The backward trajectory for 2 different monsoon. 
 
The SSA values are not clear that the aerosol type are not 
so difference properties between dry and wet season.  
During mid 2007 to early 2008, the chemical experiment 
was done.  The samples were collected for 72 hours 
continuously twice a month.  The period for collecting data 
is 11 months by multi-nozzle cascade impact samplers with 
speed 20 liters per minutes.  The chemical compositions of 
aerosols were determined by and optical thermal OC/EC 
analyzer for organic carbon (OC) and elementary carbon 
(EC).  The daily mean EC and OC concentration in dry 
season was clearly shown that the value was much higher 
than in the wet season (Figure 4 and 5), the mean total 
concentration of OC was about 3.5 times higher than that of 
EC in the whole period.  The mean EC in PM2.5 were about 
90 and 95 % of the mean total concentration in the wet and 
dry season, respectively, while the mean OC in PM2.5 had 
about 65 and 80 % of the total in the wet and dry season, 
respectively (Tsuruta et al.; 2008).  During rainy season the 
aerosol concentration were washed out from the atmosphere.  
This result is shown the increasing of PM2.5 again after 
winter monsoon onset completely.  The ratio of aerosol in 
the whole periods are the same as mention above.  This 
result corresponds to the main activities in this area where is 
agriculture such as cassava.  Therefore the aerosols in this 
area were emitted by biomass burning of crop residuals 
especially in dry season.  Phimai is located in Korat Platau 
where the main rock in this area is rock salt then the aerosol 
samples tend to be large size from salt. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Daily mean OC concentrations in PM2.5 in Phimai 
(July 2007- March 2008) 
 
 
 
 
 
 
 
 
 
 
Figure 5. Daily mean EC concentrations in PM2.5 in  
Phimai (July 2007- March 2008) 
 
Phimai affected by two difference direction of monsoon.  
In summer, the southwest monsoon from Indian ocean will 
dominate.  Then the seasalt aerosol will be transport to the 
region.   The opposite direction is the northeast monsoon 
from east Asian continent during winter.  The source of 
wind direction will be the cause of particle types. 
 
Conclusion 
The aerosol particle in Phimai is almost the same type 
except at the end of southwest monsoon season.  The 
optical properties were changed from scattering property to a 
more absorption.  This result was confirmed by the size of 
aerosol which is more variety during the same period.  The 
chemical component was shown the large concentration of 
organic carbon much more than elementary carbon.  The 
size of PM2.5 in elementary carbon were high concentration 
in both winter and summer.  The changing of monsoon 
affected to the type of aerosol in the region. 
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